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EGTI1
ENGINEERING TRIPOS PART IB

Monday 5 June 2017 2to4

Paper 2

STRUCTURES
Answer not more than four questions, which may be taken from either section.
All questions carry the same number of marks.

The approximate number of marks allocated to each part of a question is
indicated in the right margin.

Answers to questions in each section should be tied together and handed in
separately.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Single-sided script paper

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed
Engineering Data Book

10 minutes reading time is allowed for this paper.

You may not start to read the questions printed on the subsequent
pages of this question paper until instructed to do so.
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SECTION A

1 A weightless pin-jointed truss is shown in Fig. 1. All members have the same
cross-sectional area, 4, and are made of a linear elastic material with Young’s modulus
E. Members V and IX are of length L and do not intersect. All members are initially
unstressed. A vertical load W is then applied at joint J as shown in the figure.

(a) Find the number of redundancies.

(b) Use the force method to determine the forces in the members. Comment on the
results and suggest a simple alternative method for determining the forces in the truss.

(¢) Find the displacement of joint J.
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2 The road sign shown in Fig. 2(a) is supported by a structure made from a thin-
walled hollow steel section. The cross-sectional dimensions of the hollow section are
shown in Fig. 2(b). The steel has a Young’s modulus of 210 GPa, a Poisson’s ratio of
0.3 and a yield strength of 460 MPa. The 2 m by 1.5 m sign is subjected to a constant
uniform wind pressure of 2 kPa acting normal to the sign. The self-weight of the sign
and structure are negligible. The thickness of the sign may be ignored.

(a) Determine the deflection at point B in terms of the bending and torsional rigidities
of the hollow section and calculate the minimum wall thickness, ¢, required to limit the
deflection at this point to 0.15 m.

(b) Calculate the torque, shear force and bending moment at the base of the hollow

section. Use the von Mises yield criterion and a wall thickness of 10 mm to find the
magnitude of wind pressure that will cause initial yield at point A.
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3 (@) The simply supported beam in Fig. 3(a) is subjected to two vertical
concentrated loads of magnitude ¥ at distances oL from each end. Assuming that the

response of the beam is linear elastic and that its flexural rigidity is EI, show that the
rotation at B is Wal*(1-a) / 2EL

(b) The weightless right-angled portal frame shown in Fig. 3(b) is initially stress-free
and all members have a flexural rigidity EI. Two concentrated loads, W, are applied
normal to member AB, as shown. Assuming that the frame remains elastic, and that
axial flexibility and shear deformation may be neglected:

(i) calculate the support reactions at the simply supported end A and the fixed
end C in terms of W, avand L;

(i1)) determine the positions and magnitudes of the maximum positive and
negative moments in the frame and, for a value o = 0.25, sketch the bending
moment diagram indicating salient values.

(a) (b)

Fig. 3
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SECTION B

4 Figure 4(a) shows a propped steel cantilever made of the cross-section shown in
Fig. 4(b). A load of total magnitude W is applied over half of the span as shown and the
self-weight of the cantilever is negligible. The steel has a yield stress of 355 MPa and a
Young’s modulus of 210 GPa.

(a) Calculate the elastic and the plastic section moduli of the cross-section about its
major axis.

(b) Perform an elastic analysis to calculate the magnitude of load W and the mid-span
deflection when first yield occurs at the clamped support.

(c) Perform a lower bound analysis to calculate the load W when the full plastic
moment capacity is reached at the clamped support.

(d) As the load W increases the first plastic hinge, which forms at the clamped
support, is followed by a second plastic hinge in the unloaded half of the span. Perform
an upper bound analysis to determine value W at collapse.

(e) Sketch the load vs mid-span deflection plot for the propped cantilever, showing
salient values from the solutions to parts (b), (c) and (d). Estimate the mid-span
deflection when the full plastic moment capacity is reached at the clamped support.
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5 The inclined portal frame shown in Fig.5 is composed of two columns with fully
plastic moment M, and an inclined beam with fully plastic moment 2M,,. The frame is
subjected to a horizontal uniformly distributed load of total magnitude H and a vertical
point load V applied at mid-span.

(a) Sketch five feasible collapse mechanisms, showing clearly the locations of the
plastic hinges.

(b) Perform an upper bound analysis to determine the collapse loading conditions
associated with each of the mechanisms identified in part (a) and plot the results on a
single interaction diagram.

(c) The designer wishes to reduce the fully plastic moment of the inclined beam from

2M, to M, without affecting the collapse load of the portal frame. Modify your
interaction diagram from part (b) to assess this option.
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Fig. 5
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6 (a) What are yield lines and how would you ensure that a proposed yield line
pattern satisfies compatibility requirements? [3]

(b) A ductile isotropic plate is supported on four interior points as shown in Fig. 6(a).
The plate has a fully plastic moment capacity of m per unit length. The plate has
negligible self-weight and is subjected to a uniformly distributed load of total
magnitude W acting normal to the plate. Two collapse mechanisms are shown in
Fig. 6(b) and Fig. 6(c).

(i)  Sketch two further simple collapse mechanisms for the plate and indicate
the axes of rotation and any variable parameters to be used in a yield line analysis. [4]

(i1)) By considering the two collapse mechanisms shown in Fig. 6(b) and Fig.
6(c), find the critical value of W when 0.5 < ¢ < 1.0. Plot your results ona W vs
graph and identify the optimal value of a. [10]

(ii1)) For a = 1.0 analyse the collapse mechanisms you have proposed in part
(b)(1). Hence show that the critical value of W cannot be improved compared to
the results found in part (b)(ii). [8]

L4 L L/4

L%H%lk—

L/4

® !
OCLI ® Suppori
[ ]

L/4

T (2)

® ° ° ¢; ®
e s {
® ® ® ‘) °
(b) (c)
Fig. 6
END OF PAPER

Page 7 of 8



Version MO/6

THIS PAGE IS BLANK

Page 8 of 8




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


